Summary. Electrical stimulation of the superior ovarian nerve of intact anaesthetized dioestrous rats for 30 min reduced ovarian progesterone levels, even when papaverine and propranolol were also given. The administration of phentolamine (an alpha receptor antagonist) before stimulation reversed this effect. The results suggest that a neural control of ovarian steroidogenesis may be either excitatory through the stimulation of beta receptors of inhibitory through the stimulation of alpha receptors.
Introduction
Most endocrine glands are innervated by the autonomie nervous system and the role of these nerves in the control of hormone production has attracted considerable interest (Ganong, 1974; Melander, Ericson & Sundler, 1974; Smith & Porte, 1976) . The adrenergic receptors, particularly the beta receptors, have been implicated as mediators of many of the effects of the autonomie nervous system (Melander, Ranklev, Sundler & Westgren, 1975; Brown, Hurwitz, Woodward & Aurbach, 1977; Lundquist & Ericson, 1978) . The sympathetic nerves to the ovary are known to innervate smooth muscle cells of the follicle, the ovarian vasculature and steroid-producing cells (Burden, 1978; Mohsin & Pennefather, 1979) . The research attempting to define a functional role for the ovarian sympathetic fibres has mostly focussed on the control of ovarian smooth muscle contraction and its contribution to ovulation (Marshall, 1973; Weiner, Wright & Wallach, 1977) . The possible role of this innervation in the control of ovarian steroidogenesis has received relatively little attention. Of particular interest are reports showing the apparent synapses of axons, which appear to be adrenergic, with steroid-producing cells in ovaries of the chicken (Dahl, 1970) , cat (Jacobowitz & Wallach, 1967) , mouse (Unsicker, 1974) and rat (Burden, 1972) . Lawrence & Burden (1980) have used fluorescence histochemical techniques to trace the adrenergic innervation to the ovary: one route is via the ovarian plexus and the fibres terminate primarily on blood vessels while the second route (superior ovarian nerve) follows the suspensory ligament and fibres terminate on blood vessels and the steroid-producing cells of the interstitial gland. Lawrence & Burden (1980) concluded that this pattern of innervation provided a potential for a direct nerve modulation of steroidogenesis in the interstitial gland. Burden & Lawrence (1977) had earlier shown that ovarian denervation resulted in a decrease in 5-3 ß-hydroxysteroid dehydrogenase activity in both the interstitial gland and corpus luteum in the pregnant rat. This reduced activity was interpreted as a decreased capacity of denervated ovaries to synthesize progesterone. Capps, Lawrence & Burden (1978) showed that stimulation of the ovarian plexus nerve in hypophysectomized rats induced morphological changes in the interstitial gland characteristic of active steroidogenic cells. Moreover, plasma progesterone concentrations were decreased on the first day of metoestrus that occurred in ovariectomized female rats bearing subcutaneous ovarian grafts (Chihal, Weitsen, Stone & Peppier, 1976) . These responses of interstitial gland cells to denervation and stimulation provided morphological evidence for a functional role for the adrenergic nerves to the ovarian compartment.
Adrenergic receptor agonists cause a significant increase in the production of cyclic AMP and progesterone in ovarian tissue in vitro (Condon & Black, 1976; Jordan, Caffrey & Niswender, 1978; Ratner, Sanborn & Weiss, 1980 (unpublished data) . A second possibility is that there exists a direct alpha receptor-mediated inhibitory effect on steroid-producing cells, which either alone or in combination with a reduced blood flow would produce a reduction in steroid output. An alpha receptor antagonist would block both the vascular response and any direct effect on steroid cells and thereby allow full expression of the excitatory influence of the nerve stimulation. This is what we believe occurred in the phentolamine-treated animals (Exp. B). A direct alpha receptor-mediated effect on hormone production has been observed in other endocrine glands (Melander, Sundler & Ingbar, 1973; Brown, Hurwitz & Aurbach, 1978; Rabinovitch, Cerasi & Sharp, 1978) . A particularly good example is the pancreas in which the sympathetic nerves have an inhibitory effect on insulin release that operates through alpha receptors (Jarhult & Hoist, 1979 ).
The results of Exp. D with papaverine were also consistent with the above interpretation. Since the alpha receptors were still functioning in Exp. D, but were unable to produce vascular constriction, a direct alpha receptor-mediated decrease in steroidogenesis appears to be strong enough to override the simultaneous excitatory influence by the nerves. Papaverine is a phosphodiesterase inhibitor often used to augment cyclic AMP-mediated responses. Our previous in-vitro studies suggested that a beta receptor stimulation of progesterone synthesis involves the activation of the adenylate cyclase-cyclic AMP system (Ratner et al, 1980 (Baird, 1977) .
We conclude that stimulation of ovarian sympathetic fibres may influence ovarian progesterone production directly. These direct effects may be excitatory through the activation of beta receptors or inhibitory through the stimulation of alpha receptors. In addition, it is suggested that the changes in blood flow induced by sympathetic nerve activity can indirectly control the ovarian steroid levels and significantly alter direct receptor-mediated effects. Even though the entire ovarian distribution of sympathetic nerves was simultaneously stimulated in these experiments, under normal physiological conditions, the central nervous system might selectively activate any one of the different pathways. The experiments done by Kawakami, Kubo, Uemura, Nagase & Hayashi (1981) 
